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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An organic electroluminescent element characterized by using a material characterized by 
providing the following A transparence anode plate electrode formed on a substrate It is the organic 
electroluminescent element which makes said luminous layer emit light by ****(ing) an electron hole 
transportation layer, a luminous layer which consists of an organic material, and an electron injection 
layer in this order, pouring an electron hole into said luminous layer through said electron hole 
transportation layer from said anode plate electrode, and pouring in an electron through said electron 
injection layer between cathode electrodes at said luminous layer from said cathode electrode, and is the 
fluoride of alkaline earth metal as said electron injection layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the organic electroluminescent element (henceforth an 
organic EL device) which makes a luminous layer emit light by this invention's equipping inter- 
electrode [ of a pair ] with an electron hole transportation layer, the luminous layer which consists of an 
organic material, and an electron injection layer, and pouring a carrier into a luminous layer through an 
electron hole transportation layer and an electron injection layer from two electrodes — it is especially 
related with the electron injection layer. 
[0002] 

[Description of the Prior Art] The plane display using an organic EL device and the plane light source 
are capturing the big spotlight as a next-generation display material, and research and development are 
done briskly. If an organic EL device is used especially, the high quality display which has the features, 
such as a direct-current low-battery drive, a high angle of visibility, and spontaneous light, can be 
realized, and it is thought that the utility value is very high. 

[0003] An organic EL device makes basic structure the laminating of the transparent electrode (anode 
plate) / luminous layer / metal electrode on a glass substrate (cathode), the big material of a work 
function is used for an anode plate, the small material of a work function is used for cathode, and the 
organic material is used for the luminous layer. And the electron hole and electron which are poured into 
a luminous layer from two electrodes emit light by recombining by the luminous layer. 
[0004] On the occasion of utilization of such an organic EL device, that an element life is short poses a 
problem. In order for the cause of a short life to make high electron injection effectiveness from cathode 
to a luminous layer and to maintain the stability as a cathode electrode, using the alloy of the small 
(activity) metal Mg of a work function and the large (it is stable) metal Ag of a work function as a 
cathode material is mentioned. In the case of such an alloy electrode, rapid oxidation is not produced 
like the electrode of Mg simple substance, but it reacts gradually with the moisture in atmospheric air, 
oxidation progresses, and it is because it deteriorates. 

[0005] On the other hand, as shown in JP,9-17574,A, preparing an electron injection layer between a 
luminous layer and a metal cathode electrode, using a metal with large work functions, such as 
aluminum, for a cathode electrode, and using the compound (an oxide, a peroxide, a multiple oxide, a 
halogenide, a nitride, alkali -metal salt) of alkali metal or the oxide of alkaline earth metal as an electron 
injection layer is proposed. Since it is chemically stable as compared with the alkali metal of a simple 
substance, these materials are using the compound of these alkali metal, or the oxide of alkaline earth 
metal for an electron injection layer, and the reinforcement of an element is possible for them. 
Moreover, it is found out by preparing such an electron injection layer that electronic injection 
efficiency etc. improves. The improvement in this injection efficiency originates in an electron 
becoming the obstruction over the electron at the time of seeing an organic luminous layer from a 
cathode electrode falls, and is easy to be poured into a luminous layer with the compound of the alkali 
metal of an electron injection layer, or the oxide of alkaline earth metal. For this reason, even if it uses 
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the big material of a work function as a cathode electrode, the efficient electron injection in low driver 
voltage becomes possible, and it will contribute to improvement in the luminous efficiency of an 
element. 
[0006] 

[Problem(s) to be Solved by the Invention] However, if the compound (an oxide, a peroxide, a multiple 
oxide, a halogenide, a nitride, alkali-metal salt) of these alkali metal used for the electron injection layer 
and the oxide of alkaline earth metal are compared with an alkali-metal simple substance, although they 
are stable, it has adsorption and the deliquescent property of moisture. For this reason, after the element 
after membrane formation is formed during membrane formation, it will react with water, and a cathode 
electrode will oxidize with the water to which the compound itself deteriorated or stuck, and the life of 
an element is still inadequate. 

[0007] This invention is made in order to solve the above-mentioned technical problem, and an element 
life aims [ this invention ] at offer of an organic EL device with high luminous efficiency for a long 
time. 
[0008] 

[Means for Solving the Problem] Between a transparence anode plate electrode which this invention was 
made in order to attain the above-mentioned purpose, and was formed on a substrate, and a cathode 
electrode An electron hole transportation layer, a luminous layer which consists of an organic material, 
and an electron injection layer are ****(ed) in this order. It is the organic EL device which makes said 
luminous layer emit light by pouring an electron hole into said luminous layer through said electron hole 
transportation layer from said anode plate electrode, and pouring an electron into said luminous layer 
through said electron injection layer from said cathode electrode. As said electron injection layer It is 
characterized by using a material containing a fluoride of alkaline earth metal. 

[0009] Moreover, in this invention, it is suitable for thickness of this electron injection layer to consider 
as within the limits of 0. Inm - 20nm. 

[0010] In this invention, an improvement of the stability of an organic EL device and a life of an 
element is enabled by using a fluoride (MgF2, CaF2, SrF2, BaF2) of alkaline earth metal for an electron 
injection layer in this way. This is because reactivity with water is low compared with a compound of 
alkali metal with which a fluoride of alkaline earth metal is used conventionally, or an oxide of alkaline 
earth metal and there is little water absorption under membrane formation. Moreover, it is also one of 
the reasons after membrane formation that low absorptivity is shown also to a water entry from the 
outside. Furthermore, since the melting point is high compared with a compound of alkali metal, a 
fluoride of alkaline earth metal can also improve heat-resistant stability. Moreover, in this invention, by 
preparing an electron injection layer, improvement in ease [ electron injection from a cathode electrode 
to a luminous layer ], i.e., electron injection effectiveness, is possible, driver voltage of an element can 
be made low, and high luminous efficiency can be realized. 

[001 1] A compound of alkali metal or an oxide of alkaline earth metal is equipped with face centered 
cubic structure (NaCl structure) like drawing 2 (a), or body-centered cubic structure (CsCl structure) like 
drawing 2 (b). structure where CI- (or Na+) enters a crevice between octahedrons where Na+ (or C1-) 
constitutes face centered cubic structure — it is - the surroundings of each Na+ — six Cl(s)- being 
located — every - six Na+ is located in the surroundings of C1-. CI- (or Cs+) is located at each lattice 
point of hexahedron, and, as for body-centered cubic structure, Cs+ (or C1-) is located in an intersection 
of the diagonal line of each lattice point, i.e., a center of hexahedron. 

[0012] On the other hand, a fluoride of alkaline earth metal equips business of fluorite (CaF2) structure 
or drawing 2 (d) with rutile (Ti02) structure like drawing 2 (c). F- has entered a gap of a tetrahedron 
where for example, calcium2+ takes face centered cubic structure, and calcium2+ constitutes fluorite 
structure. And eight F- is located in the surroundings of each calcium2+, and four calcium2+ is located 
in the surroundings of F - each. Ti4+ takes body-centered cubic lattice structure, six 02- is located in the 
surroundings of this Ti4+, this six 02- constitutes octahedron, and, as for rutile structure, three Ti4+ is 
located in the surroundings of each 02-. 

[0013] In order that a crystal structure of a fluoride of an alkaline earth metal may take fluorite structure 
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or rutile structure in this way, while it cannot absorb water easily and does not show deliquescence, 
when an electron injection layer is constituted, it can form a uniform film. Therefore, luminescence 
nonuniformity on a luminescence side of an organic EL device becomes small, and contributes also to 
improvement in a property of an element. 

[0014] Moreover, in this invention, as long as it is not restricted to the fluoride independent of alkaline 
earth metal but contains one fluoride of the alkaline earth metal as a material of an electron injection 
layer, a compound of alkali metal and an oxide of alkaline earth metal may be included in others. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt (henceforth an operation gestalt) of operation of 
this invention is explained based on a drawing. 

[0016] Drawing 1 is drawing showing the configuration of the organic EL device concerning this 
operation gestalt. The transparence anode plate electrode 12 is formed in the upper surface of a glass 
substrate 10. As for this transparence anode plate electrode 12, ITO (Indium Tin Oxid), Sn02, In 203, 
etc. are used. On the transparence anode plate electrode 12, laminating formation of the electron hole 
transportation layer 14 and luminous layer 16 which consist of an organic material is carried out. 
[0017] An aromatic amine system material is mainly used for the electron hole transportation layer 14. 
For example, TPTE (triphenylamine tetramer) which is expressed to a bottom type (1), and alpha-NPB 
(Bis [N-(l-naphthyl)-N-phenyl] benzidine) which is expressed to a bottom type (2) are suitable. 
[0018] 
[Formula 1] 

Me 




[Formula 2] 




a-NPB 



Moreover, any material of the known reported until now may be used for a luminous layer 16. For 
example, the material from blue as shown in chemical formula (3) - (20) to yellowish green 
luminescence is available. 
[0019] 
[Formula 3] 
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BAIqi 

[Formula 5] 

CQ 
& 

Znq2 

[Formula 6] 

1AZM-Hex 

[Formula 7] 





Zn(BOZ)2 
[Formula 8] 




Zn(BTZ)2 
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[Formula 151 




[Formula 20] 
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EM13 



On the luminous layer 16, the electron injection layer 18 which contains as a material the fluoride 
(MgF2, CaF2, SrF2, BaF2) of the alkaline earth metal which is the feature of this operation gestalt is 
formed. Let this electron injection layer 18 in general be the thickness within the limits of 0.1 nm - 
20nm. The metal cathode electrode 20 is formed on the electron injection layer 18. Especially the 
material of this metal cathode electrode 20 is not limited, for example, general aluminum, general Ag, 
etc. are available, and also metallic materials, such as Au, Cu, and Cr, are sufficient as it, and 
transparence conductivity oxides, such as ITO and ZnO, may be further used for it. 
[0020] Moreover, the electronic transportation layer which is not illustrated may be prepared between a 
luminous layer 16 and the electron injection layer 18. As a material of this electronic transportation 
layer, the material of an oxy-diazole system as shown, for example in chemical formula (21) - (24) etc. 
is available. 
[0021] 

[Formula 211 




[Formula 23] 




[0022] 

[Example] [An example 1], next the example 1 of the organic EL device of this invention shown in 
drawin g 1 are explained. 

[0023] the glass substrate 10 with which ITO is beforehand formed as a transparence anode plate 
electrode 12 as a substrate — using - this substrate — receiving — organic alkali cleaner SEMIKO ~ 
clean — ultrasonic cleaning was performed in order of 56 (fruity chemistry), pure water, an acetone, and 
ethanol. In order to remove the organic pollutant on the surface of ITO after that, UV ozonization was 
performed and the substrate was quickly set in the vacuum evaporation system. Next, it equipped with 
the mask for organic films in equipment in the vacuum, and membranes were formed as an organic film 
with carbon crucible heating in order of the triphenylamine tetramer layer (electron hole transportation 
layer 14) and the quinolinol aluminum complex (luminous layer 16). 

[0024] Then, the mask was changed into the thing for cathode in the vacuum, with the vacuum 
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deposition method, the electron injection layer 18 with a thickness of 0.5nm was formed, Knudsen cell 
heating of the fluoride SrF2 of alkaline earth metal was carried out, Knudsen cell heating of the 
aluminum was carried out continuously, and the metal cathode electrode 20 with a thickness of 150nm 
was formed. In addition, in formation of each film, the degree of vacuum in a vacuum evaporation 
system was set as 2x10 to 6 or less Torrs, and the membrane formation rate was further made [ SrF 12 I 
an organic film and ] into 50- 100 nm/min about about 3 nm/min and aluminum. Moreover, in this 
example, the luminescence area of an organic EL device is set as 2 9mm. 

[0025] The evaluation result of the life property of the luminescence brightness of the organic EL device 
(metal cathode electrode aluminum / electron injection layer SrF2) created by the method of such an 
example 1, an applied- voltage-luminescence brightness property, an inrush current density- 
luminescence brightness property, and an inrush current density-luminous efficiency property is 
explained with reference to drawing 3 - drawing 6 below. In addition, as an example 1 of a comparison, 
using the organic EL device of the structure where an electron injection layer is not prepared between 
the metal cathode electrode aluminum and a luminous layer, and the organic EL device of the structure 
equipped with the electron injection layer which consists of a fluoride LiF of the metal cathode electrode 
aluminum and alkali metal as an example 2 of a comparison, these elements are formed on the same 
conditions as the above-mentioned example 1, and it is comparing with the organic EL device of an 
example 1 about each property by each drawing 3 - drawing 6 . 

[0026] drawing 3 - the life property of luminescence brightness - it is - an axis of ordinate - relative 
luminance and a horizontal axis ~ a logarithm - the drive time amount (elapsed time) of an element 
with a shaft is shown. Moreover, drawing 3 shows the element life until a sink and luminescence 
brightness become an element in early one half (relative luminance 0.5) in 1mA (1 1 mA/cm2) of direct 
currents as drive current in the chamber which fully carried out the nitrogen purge to the organic EL 
device of the above-mentioned example 1 and the examples 1 and 2 of a comparison. As shown in 
drawing 3 , relative luminance has fallen or less to 0.5 in about 0.5 hours, and the life of the example 1 
of a comparison without an electron injection layer is very short. In the example 2 of a comparison 
equipped with the electron injection layer of LiF, 0.5 or less have been the relative luminance in about 
60 hours. It turns out to these that the life of an element is long by relative luminance not falling about to 
0.6 near for drive time amount 60 hours, but the fluoride SrF2 of alkaline earth metal being used for the 
organic EL device of an example 1 as an electron injection layer. 

[0027] Drawing 4 shows the applied-voltage-luminescence brightness property of each organic EL 
device of an example 1, the example 1 of a comparison, and the example 2 of a comparison, an axis of 
ordinate is luminescence brightness (cd/m2), and a horizontal axis is the applied voltage (V) of a 
between [ anode plate-cathode ]. As shown in drawing 4 , although the element of an example 1 is 
somewhat inferior to the element of the example 2 of a comparison, as compared with the element of the 
example 1 of a comparison without an electron injection layer, sufficient low-battery drive is possible 
for it. 

[0028] Drawing 5 shows the inrush current density-luminescence brightness property of the organic EL 
device of an example 1 and the examples 1 and 2 of a comparison. Moreover, drawing 6 shows the 
inrush current density-luminous efficiency property, in addition, drawing 5 ~ setting ~ an axis of 
ordinate - luminescence brightness (cd/m2) and a horizontal axis — a logarithm — inrush current density 
(mA/cm2) with a shaft, and drawin g 6 ~ setting - an axis of ordinate - luminous efficiency (lm/W) and 
a horizontal axis - a logarithm - it is inrush current density (mA/cm2) with a shaft. As shown in 
drawing 5 , the luminescence brightness to the inrush current density of the organic EL device of an 
example 1 is almost equivalent to the example 2 of a comparison, and as shown in drawing 6 , the high 
luminous efficiency property that the organic EL device of an example 1 is comparable as the example 2 
of a comparison is acquired also about luminous efficiency. 

[0029] It makes it possible to lengthen the life of an element five to about ten, realizing high luminous 
efficiency comparable as this to the element (example 2 of a comparison) using the fluoride of alkali 
metal as an electron injection layer according to the organic EL device of an example 1, if it collects 
above. 
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[0030] In the [example 2] example 2, the organic EL device using CaF2 (0.5nm in thickness) which is 
similarly the fluoride of alkaline earth metal is produced as a material of an electron injection layer 
instead of SrF2 (0.5nm in thickness) of the above-mentioned example 1. The material and manufacture 
conditions of other layers except changing a material are the same as an example 1 . 
[0031] The evaluation result of the life property of the luminescence brightness in the organic EL device 
of the organic EL device (metal cathode electrode aluminum / electron injection layer CaF2) of an 
example 2, an example 1, and the same examples 1 and 2 of a comparison, an applied-voltage- 
luminescence brightness property, an inrush current density-luminescence brightness property, and an 
inrush current density-luminous efficiency property is shown in drawing 7 - drawing 10 . 
[0032] Drawing 7 is the life property of the luminescence brightness of each organic EL device of an 
example 2 and the examples 1 and 2 of a comparison. As shown in drawing 7 , as well as (refer to an 
example 1 and drawing 3 ) the case where SrF2 is used when relative luminance does not fall about to 
0.6 near for drive time amount 60 hours but the fluoride CaF2 of alkaline earth metal is used for the 
organic EL device of an example 2 as an electron injection layer, it turns out that the life of an element is 
long. 

[0033] Drawing 8 shows the applied-voltage-luminescence brightness property of each organic EL 
device of an example 2, the example 1 of a comparison, and the example 2 of a comparison. As shown 
in drawing 8 , although it is somewhat inferior to the element of the example 2 of a comparison, as 
compared with the element of the example 1 of a comparison without an electron injection layer, 
sufficient low-battery drive is possible also in the organic EL device of an example 2 like the element of 
the above-mentioned example 1 (refer to drawing 4 ). 

[0034] Drawing 9 shows the inrush current density-luminescence brightness property of the organic EL 
device of an example 2 and the examples 1 and 2 of a comparison, and drawing 10 shows the inrush 
current density-luminous efficiency property of each element. As shown in drawing 9 , the luminescence 
brightness to the inrush current density of the organic EL device of an example 2 is almost equivalent to 
the example 2 of a comparison, and the high luminous efficiency property that the organic EL device of 
an example 2 is comparable as the example 2 of a comparison is acquired as luminous efficiency is also 
shown in drawing 10 . Thus, the high property is acquired like the example 1 about the luminescence 
brightness property of as opposed to the inrush current density in the organic EL device of an example 2, 
and luminous efficiency (refer to drawing 5 and drawing 6 ). 

[0035] In the [example 3] example 3, the organic EL device using BaF2 and MgF2 which are similarly 
the fluoride of alkaline earth metal (0.5nm in thickness) was produced as an electron injection layer 
instead of SrF2 and CaF2 of the above-mentioned examples 1 and 2 (0.5nm in thickness). Materials 
other than an electron injection layer are the same as that of an example 1. However, thickness of the 
electron hole transportation layer of an organic material and a luminous layer is thickened with 70nm, 
respectively. Moreover, it takes out, and in this example 3, after producing an organic film, in order to 
change into the mask for metal electrodes, the sample is taken out in atmospheric air at once. Other 
manufacture conditions are the same as an example 1. 

[0036] The organic EL device of an example 3 (metal cathode electrode aluminum / electron injection 
layer BaF2, metal cathode electrode aluminum / electron injection layer MgF2), The example 3 (metal 
cathode electrode aluminum / electron injection layer LiF) of a comparison equipped with the organic 
film of the same thickness, The evaluation result of the life property of each luminescence brightness of 
the example 4 (with the metal cathode electrode MgAg and no electron injection layer) of a comparison 
equipped with the same organic film, an applied-voltage-luminescence brightness property, an inrush 
current density-luminescence brightness property, and an inrush current density- luminous efficiency 
property is shown in drawing 1 1 - drawing 15 . In addition, the MgAg electrode as a metal cathode 
electrode is an electrode currently generally used together with aluminum electrode etc. 
[0037] Drawing 1 1 is the life property of luminescence brightness, an example 3 - element production - 
- it is in process and the sample is once put to atmospheric air for mask exchange. For this reason, in 
order that water may stick to an organic film compared with the property of examples 1 and 2, the 
reduction-by-half life of brightness is short. However, compared with the examples 3 and 4 of a 
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comparison produced on the same conditions, as for the organic EL device using BaF2 and MgF2 of an 
example 3, the life is improved sharply. By using BaF2 and MgF2 which are the fluoride of alkaline 
earth metal as an electron injection layer before metal cathode electrode membrane formation, even if it 
is the conditions on which water adsorbed the sample on the surface of ejection and an organic film into 
atmospheric air shows that an element property becomes stable and the reduction-by-half life of 
brightness also becomes sufficiently long. 

[0038] Drawing 12 shows the applied-voltage-luminescence brightness property of the organic EL 
device of an example 3 and the examples 3 and 4 of a comparison. Although the element using BaF2 
and MgF2 of an example 3 has a little high luminescence starting potential compared with the example 3 
of a comparison, luminescence starting potential is low and sufficient low-battery drive is more possible 
for it than the example 4 of a comparison which is not equipped with an electron injection layer. 
[0039] Drawing 13 shows the inrush current density-luminescence brightness property of the organic EL 
device of an example 3 and the examples 3 and 4 of a comparison, in addition, drawing 13 - setting - 
an axis of ordinate a logarithm — luminescence brightness (cd/m2) with a shaft, and a horizontal axis - 
- a logarithm it is inrush current density (mA/cm2) with a shaft. Moreover, drawing 14 expresses the 
luminescence brightness of a before [ the inrush current density 0 - 200 mA/cm2 ] about the property of 
drawing 13 . As shown in drawing 13 and drawing 14 , the luminescence brightness to the inrush current 
density of the element of an example 3 is almost the same as that of the examples 3 and 4 of a 
comparison. 

[0040] Moreover, drawing 15 shows inrush current density-luminous efficiency. Although mist and 
luminous efficiency are falling from the element of aluminum/LiF of the example 3 of a comparison as 
shown in drawing 15 , it turns out that sufficient luminous efficiency is acquired compared with the 
element of the MgAg electrode of the example 4 of a comparison. Thus, even if it makes thickness of an 
organic film thicker than examples 1 and 2, or the production process in the inside of atmospheric air 
was added before metal cathode electrode formation and it will be stuck to the organic film surface by 
water, an element is producible to stability. And the high property is acquired like examples 1 and 2 
with the inrush current density-luminescence brightness property and the inrush current density- 
luminous efficiency property. 
[0041] 

[Effect of the Invention] As explained above, by this invention, compared with the compound of alkali 
metal, or the oxide of alkaline earth metal, reactivity with water is small, and it is hard to absorb water 
by using the fluoride of alkaline earth metal as a material of an electron injection layer, and this is 
enabled to prolong the life as an organic EL device. On the other hand, luminous efficiency of an 
element can be made comparable as the case where the compound of the conventional alkali metal and 
the oxide of alkaline earth metal are used. Therefore, the long organic EL device of a life can be 
obtained with high luminous efficiency. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 
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[Drawing 9] 
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[Drawing 14] 
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